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IN'ilUODUCTICN 



Considerable Interest has Iseen expressed recently In obtain- 
ing data regarding the maTiirrun singular velocities to ^iMch aircraft 
are subjected in flight. A conslderatiun of information of this 
nature is particularly important in designing high-speed rotating 
machinery carried by the airplane, since this machlneiy must be 
constructed to vdthstand the gyroscopic couple created by the 
combined Hngiift-r -velocities of the rotating parts of the macfalnezy 
and of the airplane - provided, of course, that the respective 
planes of rotation do not coincide. 

designers of propellers and turbo svqperchargers are especially 
interested in having accurate data on maximum aixplane angular 
velocities, since the high rates of rotation of these components, 
together vdth any considerable flngnlar motion of the airplane, 
result in rather large gyroscopic loads. In addition to these 
major airplane con^onents, numerous amaJI electric motors and 
gears most be designed to withstand the forces created by pitching, 
rolling, or yawing of the aliplane. 
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She need for additional- Information on this subject Is 
indicated by the fact that different design values of maximum 
angular velocity are used by varlovis organizations in the 
aviation Induatiy. One large manufacturer uses a design value 
of U radians per second while another uses a val\ie of 6 radians 
per second (these figures Include a safety factor of 1.^). Other 
groi:ps Tise still lower design values. As a result of the above 
condition, sane organizations are apprehensive that their specific- 
ation may be too small and structural fallnres may occur, uMle 
others are concerned over the possibllll^ that they may be 
penalizing their deslg^ 1^ the addition of uselesB weight. 
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FUBP06E or HSPORT 

QMa situation led the Subcoamlttee on Becovery. of Power from 
Ibrfaaust Gas, which Is concerned with highspeed exhaust turhlne 
design, to request that available information on this subject he 
sunmarlzed and placed in convenient foru. Q3ib ohject of this 
htilletin, then* Is to present existing data on mazlmum rates of 
airplane angular motion, measured in both flight and model tests, 
to serve as a guide for the selection of G^ifprqpriate design values. 
However, it is not the purpose of this paper to recommeDd any 
specific value. 



SOURCES OP INIXJIMAIIICN 

The information containe-d herein was selected from data 
accumulated over a period of years in various fLl^t and model 
tests reported by the NACA. An Indication of foreign design values 
has been obtained from British and German sources. In order to 
obtain comments and information from persons familiar with various 
phases of the subject, the following members of the Committee's 
langLey Memorial Aeronautical Laboratory staff have been consulted: 
Messrs, Gougi;it H. Av Pearson^ Philip Donley, and H. I. Johnson, 

of the Fll^t Research Section; and Mir, Oscar Seldman of the Tree- 
Spinnix^g Wind Tunnel Section. 



mscussiofi 

Apgiipr rates of rotation are experienced by aircraft In 
maneuvers Inrolvlng pitching, rolllag, or yawlng» or combinations 
of these motions, such as spinning. In general, the greatest rates 
of angular motion are encountered in stalled rather than unstalled 
maneuvers. It may be expected, then, that greater gyroscopic 
forces will be imposed on rotating machinery daring spins than during 
snap rolls, dive pullr-outs, and similar one tailed maneavers. 

The angular rate of rotation of an airplane in roll is given 
by the commonly used design criterion pb/2v, 
where 

p rate of rolling, radians per second 
b wing span, feet 

V forward velocity of airplane, feet per second 
(for axia nomenclature, see fig. 1) 
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TbB numerical value of ph/Sv is usually kuowa for a gLven 
alzplane, and the rate of roUiiig magr thus te o'btalned from this 
easgaceeBikm., Ibr almost all cojnbat aircraft the value p la lesa 
than 2 radians per second, and the highest rolling velocltgr 
obtainable with lateat-type filter airplanes Is approximately 3 
radians per sebond. Qlhe latter figure Is based on extrapolation of 
loHueltltudfi flight measurements on two aircraft having modified 
aileron control eyetems giving Increased effectiveness. 

It may "be expected that mexlffiixn rates of roll can he attained 
at any altitude yjp to near the celling of a given alxplane^ since 
hl^ forward velocity may "be o'btalned at altitude hy diving prior 
to entering a rollc TSaie means that turhosupercharger Installations 
on hlg^altltude aircraft may be subjected to a Ifrge angijlar 
velocities vrhlle operating at near or maximum turbine revolutions 
per minute. 

Considerably greater rates of rotation are encountered In 
spins as compared with roll-s. and for this reason, the bulk of the 
data inclTided in this report deal with spin tests. Data accumu- 
latrd during tests in the "S^iA Tree-Spinning Wind Tunnel of 20 
representative monoplones wore presented in reference 1. The 
Spin Tunnel Section at IKAL has investigated about 100 specific 
models and has obtained data on angular velocities in each case. 
These data have been examined to find cases where unusually high 
valuies of angular velocity were encountered. Table ^ lists values 
exceeding any reijorted in reference 1 for any type airolanc, 
while table II lists high values for various tyjje military air- 
craft. These data supplianent the data presented in reference 1. 

Table III contaLns data taken from various fll^t Investi- 
gations conducted by the "SACA and reported In references 2 to 8. 
While there is little ftill-scale Information available for specific 
airplanes for conparlson with model tests, on the basis of fairly 
coniplete da,tai for two biplanes and limited data for three mono- 
planes, it appears that agreement between fll^t and model tests 
is reasonable. (Oils point is discussed in some detail in 
reference 8. 

ISoB above data applies to -apri^t spins. Angular vrlocltlos 
obtained for Inverted spins in model tests are about the same as 
values obtained in uprl^t spins. No flight measurement of 
velocities in inverted spins are available. 

In ganeral* the eoaponents of velocity about the longitudinal 
and aormELL body axes of alzplaziea in spins are' about eqj/ali, Tot 
steep spina, however, rotation is chiefly about the longitudinal 



axis, and for flat spins the mazlmum rotation is about the normal 
axis. In all cases the rate of rotation about the lateral axle 
Is eoall. 

ilthou^ intentional ^ins axe almost always porformed with 
the engine Idling, it is conceivable that spins could he entered 
accidentally at full engine power. At extreme altitudes during 
violent manouvers such as lalght he enployed in combat, it is 
possihle if not prohable that spins may occasionally accidentally 
occur. In this case eoae pilots may maintain full engine power to 
assist in regaining control of tho airplaz^o. The possihility of 
spinning under full power conditions at altitude, although rather 
remote, is, nevertheless, real. 

1!he rates of rotation of singlo-engine airplanes in spins 
tend to "be slightly hi^ier than the rotating epeeds of two-engine 
aircraft. Oils fact is Indicated in reference 9 which gives rates 
of rotation in spins from 2,6 to U.8 radians per second for a 
group of single-engine airplanes and from 1.9 to 3>S for a gcovp 
of multlongine airplanes. 

Since angular velocities experienced in pitching maneuvers 
are not so great as thoso experienced! in splnnlfig and rolling, 
pitching manewrers may he neglected in this study. Referenco 12, 
which gives data ohtained from tests of seven airplanes, does not 
list aiQr angular pitching motion greater -than 2 radians per second. 



Available published information indicates - that hoth German 
and English design practice is hased on an anticipation of maximnxn 
angular velocities of approximately 3 radiahs per second, which, 
with a safety factor of 2, givos a design value of 6 radians per 
second. 

German airplane strength requirements descrihed in detail in 
referenco 10 state that angular velocities used in the design of 
engine mounts, wings, and tail surfaces ^ should he ohtained from 
the following formulas: 



KEBIGN HLACTIGE! 




(1) 



h 



tOj =±0.10 



V 
h 



(2) 
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to = ffi (3) 
^ ■ ■ 

vdaere 

a>2, (OY angular velocities about the X and T axes. 



radians per second 

V. maximum Indicated airspeed In level flight, feet 

per second 

7 dibsl^ diving Indicated airspeed, feet per second 

V. indicated airspeed at which high angle of attack load 

factor Is obtained, feet per second 

"b span of airplane, feet 

g acceleration of gravity, feot per second per second 

n hlg^ angle of attack load factor 



Examples given in this reference indicate that the maximum 
angular velocity expected is about 3 radians per second. This 
value, with a safety factor of 2, gives a design value of 6, which 
is the figure used "by certain Anerican manufacturers. 

English practice is described in reference 11 which states 
that in ostlmatlng the loads occurring on an airplane in a spin 
the yawing wngniHy velocity should be chosen in accordance with 
the following: 

(a) Slngle-englno training airplanes, 3*0 radians per 

second 

(b) !IVrlDr-ongine training airplanes, 2.5 radians per second 

(c) Airplanes other than trainers, the service duties of 

which involve acrobatic manouvdrss 

Sin^e-engine, 2,3 radians per second 
Twlnr-engine, 2.0 radians per second 

(d) Airplanes other then trainers, the service dutios of 



which do not Involve acro'batlc maneuvBrs 0*5 

*8 

where 

V Btallixig speed In level flight (flaps up) 

s 

IBiis reforerice states that, for airplanes other than 
trainers the scrvica duties of which involve acrobatic manouvers 
(ffcaap (c) above), tlie spin may "be regarded as occTirring on3y 
accidentally. The designer is directed to eliminate the possibility 
of catastrophic faLluro in the soin; that is', failure of the engine 
mount, for wiample, must not occ^ir, but corqpliance with proofs 
load conditions need not be considered. 

An ultimtte factor of 2.0 is required throu^aout the 
structure under the iorces resulting from the above rates of 
rotation. 

In discussing the gyroscopic forces on the engine- 
propeller installation, it is pointed out that the mean gyroscopic 
couple is Id) CI where 

I polar moment of inertia of the propeller, slugs per 

square foot 

U angular velocity of the propeller, radians per second, 

appropriate to the specified resolutions per minute, 

that is, 2 ^ (propeller) 
Go ( rpa ) 

^ angular velocity of the airplane as a whole 

She actual value of the gyroscopic coi^jle used for propeller- 
stress calculations depends on the number of propeller blades. "For 
throe or more blacLes tho prooollor behaves as a simple ^rroscopo, 
that is, a rotating uniform disk, and the resultant gyroscopic 
couple has a stsociy value KoCi* 

For a propeller with only two blades the couple varies in 
magnitude and direction during a revolution. In the plane in which 
the steady gyroscopic couole would act for a simple g^oscopo, 
tho actual couple fluctuates between 0 and ZLoO, so that the 
latter value is used for stross determinations. There is also a 
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couple %n. th« -plaziB at vif^t azi^es to the above wMch fluctuates 
'betwseen -f<uQ az4 IcoO* ". 

: 'TliB actufkl cqjipl'es to.lae tak^ are s^»,ted'ln the Btresslxig 
cases, liach coadltlon to "be isvestlg^ted, however, Is frequently 
the worst of a number of possibilities and some selectlbn has- to 
he made. Ibr convenience the eyroscoplc couple Is always assumed 
to he glvea h7 the formula ■ I (dQi and the Increase associated with 
a two~hlade propeller Is obtained by adjustment of the value ae^ 
Bumed for the rate of rotation Q of the airplane as a whole. 

(XSiCUilDOG EBMARIS 

- A 'brief study of the. British prectlcc outlined above reveals 
little new Information. Althpu^ no mention is made of difficulties 
arising frm gyroscopic loads on superchargers, this factor has 
been given consideration in establishing specifications for engine 
motants and propellers. 

It' is possible that the rotating rates of machlnexy carried 
hy the aixplane and the rotating rates of aircraft, which have 
been increased during rc>cent years, are Just epproachlng the point 
where difficulties may be es^oricnccd. - 

Although the gyroscopic cot^jIb is of primary concern to stress 
analysts studying roteting partSi designers should not overlook the 
fact that in a epin there Is also an acceleration on various parts 
of the airplane because of their displacement from the axis of 
spin rotation. [Qie staff of the Frc^-Splnning Wind Tunnel have 
observed accelerations in a steep epln as higj&'aa 3'5g elbos the 
airplane normal axis, lower accelerationa G^e encountered In flat 
spins. 

Some of the awgiinT velocities reported fi'om model tests are 
extremely hl^. Bates of rotation thus measured are larger than 
the design values eii;)loyed by any manufacturer, yet production 
parts such as exhaust gas turbines are generally giving satisfactoxy 
service. In such cases, the question arises as to why structural 
failures have not occurred in fli^t. Several answers to this 
question may be offered. In the first place, there is no assurance 
that some failures have not occurred. A few failures of exhaust 
gas turbine shafts have pointed toward gyroscopic forces as the 
possible cause. However, this point has not been proved, and there 
la certainly no indication of widespread trouble, as might be 
predicted In view of data presented from model tests. 
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Another answer to the question Is that c^ses of full power 
spins during which t^ie turlsine was naming at maKlinum revoltitions ■ 
per minute fre extremely rare, if not nonexistent, and turbine . 
wheels ha^e thus not been subjected to the most severe possible 
gyroscopic forces. 



CONCLUSICNS 

It appears that in the great majority of cases, a maximum 
angular velocity design factor of 6 radians per second is adequate 
to provide for all intentional maneuvers and all except the most 
severe accidental maneuvers. 

Despite the apparent absence of trouble from this factor at 
the present time, the tiend toward ever^increasing rates of rotation 
of tiirbines and similar aircraft conpononts may eventually lead to 
serious trouble in this .rbap«3ct. New airplanes vrith more effective 
control surfaces and capable of hl^r rates of rotation, which 
will soon bo in production, may produce greater ^roscoplc loads 
than hecve been e:q)erienced heretofore. 

It may be possible that future evidence of the occurrence of 
structural failures, or the inmedlate possibility of such failures 
resulting from this cause may make it necessary to conduct a full- 
scale investigation of this factor, althou^ such flight tests are 
not believed to be zLecessary at this time. 



S^ational Mvlsoiy Committee for Aeronautics, 
VTashlngton, C. 
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TABLE I 

UAXIICUU ANGULAR VELOCITIES IN SPINS, .OBTAINED FROM ICODEL 9IV TEST DATA 



[ All data are for tbe rudder-wlth aplna ] 



Air- 
plane 


Weight 

(lb) 


Power 
(hp) 


a 

a 
(deg) 


(deg) 


Tull-scale angular Telocitles^ 


Control setting 


Airplane 
condi- 
tion 


Airplane 


Manufacturer 


(rad/sec) 


T 

(rad/aec) 


(rad/sec) 


q 

(radysec) 


Ailerons 


Eleva- 
tor 


I 


8984 


1125 at 


13 


-1 


6.97 


1.57 


6.80 


-0.122 


With 


Don 


(d) 


XP-39I. 


Bell 






18,000 ft 
























3387 




82 


2 


6.65 


6.59 


.92 


.232 


Neutral 


Neu- 


(0 


XP-77 


Bell 


2 




















tral 








3387 




' 46 


-49 


2.95 


^2.05 


2.12 


-2.230 


Against 


Up 


(g) 


XP-77 


Bell 








to 


to 




to 


to 


to 












65 


15 




1.25 


2.67 


.761 













Angle between the vertical and the thrust axis of the airplane. 
bAngle of the right wing axis below the horizontal. 

°p, q, and r are anguljir velocities about the body longitudinal, lateral, and normal axes, reapectively.. 
'Hlomal loading, flaps and landing gear down. 
"Normal loading. 

^Accuracy of r, p, and q is questionable since the vsdues were determined by using extreme values of d and fl 
together with average A . 

^Center of gravity 5 percent M.A.C. forward of normal location. 



TABLE II.- SUMMARY OF ANGULAR VELOCITIES IN SPINS K 

Cases vhere component angular velocities are higher in a given airplane category than reported in reference; all data axe 
jYor the rudder-wltb spins. ] 

Reference: "ilngulu Velocities in Spins as Indicated by Uodel Tests in the NACA Free-Spinning Wind Tunnels," by 
Hartley A. Soule, C.B., NACA, March 1942. 



Air- 


Weight 


Power 


d 


0 

(deg) 


Full-scale angxilar velocities 


Control setting 


Airplane 


Airplane 


Manufacturer 


plane 


(lb) 


(hp) 


(deg) 


SI 

(rad/sec) 


r 

(rad/secj 


p 

(rad/sec) 


(rad/sec) 


Ailerons 


Ele- 
vator 


condi- 
tion 






Single-engine training monoplanes 


1 
2 

2 

3 


4,614 
3,290 

3,290 

• 4,467 


320 at 
eea level 
320 at 
sea level 


30 
33 

33 

S2 


8 
14 

-17 

3 


3.07 
2.93 

3.60 

4.85 


1.53 
1.60 

1.96 

1.82 


2.66 
2.45 

3.02 

4.50 


0.427 
.710 

-1.055 

.254 


N 
N 

A 

W 


U 
U 

D 

D 


\l] 

(a) 
(b) 


BT-9A 
XN5N-1 

XN5H-1 

BT-14 


North American 
Naval Aircraft 

Naval Aircraft 

North American 


Twin-engine training monoplanes 


1 


12,197 




26 


-9 


3.39 


1.49 


3.05 


-0.530 


A 


D 


(c) 


XAT-15 


Stearman 


Single-engine fighting monoplanes 


1 
1 

2 
2 

3 


13,633 
3,387 

3,387 
3,387 

3,387 
8,984 


1125 at 
18,000 ft 


39 
to 
59 
79 
46 
to 
65 
82 
13 


-20 
to 
30 
2 

-49 
to 
15 
2 
-1 


5.59 
3.70 

4.96 
2.95 

6.65 
6.97 


<i2.33 
to 
3.17 
4.87 
d2.12 
to 
2.67 
6.59 
1.57 


2.87 

to 
1.91 

.95 
2.05 

to 
1.25 

.92 
6.80 


-1.265 
to 
1.850 
.173 
-2.230 
to 
.761 
.232 
-.122 


N 
N 

It 
A 

N 
W 


U 

u 

u 
u 

N 
D 


it! 
[t\ 


XF14C-2 
XP-77 

XP-77 
XP-77 

XP-77 
XP-39i: 


Curtiss 
Bell 

Bell 
Bell 

Bell 
Bell 


Twin-engine fighting monoplanes 


1 
1 
1 
1 
2 


11,889 
11,889 
6,283 
6,283 
20,260 


1700 each 
at 25,000 
ft 


43 
65 
43 
38 
49 


0 
1 
1 
7 
2 


4.02 
5.27 
5.52 
5.03 
1.95 


2.74 
4.78 
3.76 
3.10 
1.47 


2.94 
2.23 
4.04 

3.96 
1.28 


0 

.092 
.097 
.612 
.068 


N 
W 
W 

w 

N 


U 
D 
U 
N 
U 


(a) 

ie) 
(h) 
fl) 
(&} 


V-173 
V-173 
V-173 
V-173 
XP-67 


Vought -Si ko r e ky 
Vought-Sikorsky 
Vought-Sikorsky 
Vought-Sikorsky 
McDonnell 




Single-engine scout and observation monoplanes 


1 
1 
1 
2 
3 


5,097 
5,097 
5,097 
6,320 
4,675 




28 
34 
33 
64 
22 


-3 
-6 
-17 

1 


2.86 
3.45 
3.39 
3.00 
3.27 


1.34 
1.93 
1.85 
2.69 
1.22 


2.52 
2.86 
2.85 
1.32 
3.03 


-0.149 
-.361 
-.993 

.057 


N 
N 
A 
A 
N 


U 
N 
D 
D 
N 


(a) 
(a) 
(a) 

(a) 


0-52 

0-52 

0-52 

XSE-1 

X0S2U-1 


Curtiss 

Curtiss 

Curtiss 

Bellanca 

Cbanee-Tought 



Single-engine bomber and torpedo monoplanes 


1 
2 
2 
2 


12,677 
7,615 
7,615 
7,615 


950 
950 
950 


65 
18 
21 
72 


-1 
-6 
-5 
-1 


2.64 
5.89 
6.60 
4.29 


2.40 
1.82 
2.37 
4.09 


1.12 
5.60 
6.16 
1.33 


-0.046 
-.615 
-.575 
-.075 


N 
W 
W 

N 


U 
D 
I) 
D 




a 

k 

i; 




SB2C-1 
SBD-1 
8BD-1 
SBD-1 


Cuxtisa 
Douglas 
Douglas 
Douglas 


Twin-engine bomber monoplsmee 


1 
S 

2 

3 


25,730 
19,050 

19,050 

26,594 


1275 each 
at 12,000 
ft 

1275 each 
at 12,000 
ft 


27 
43 

36 

22 


-2 

8 

13 
2 


2.45 
3.10 

2.36 

3.80 


1.11 
2.12 

1.39 

1.42 


2.18 
2.27 

1.91 

3.52 


-0.085 
.431 

.530 

.132 


N 
W 

W 

1/2 W 


U 
N 

U 

0 


(f) 
(a) 


A-26 
A-20 

A-20 

B-26 


Douglas 
Douglas 

Douglas 

Martin 


Twin-engine transports and cargo airplanes 


1 

1 

1 

2 
2 


41,945 

41,945 

41,945 

25,554 
25,554 


1600 each 
at 13,500 
ft 

1600 each 
at 13,500 
ft 

1600 each 
at 13,500 
ft 


23 

22 

26 

35 
68 


-2 
-1 

-9 

-7 

-6 


2.07 

2.95 

2.26 

1.82 
2.20 


.81 

1.11 

.99 

1.04 
2.04 


1.91 

2. .74 

2.03 

1.49 
.82 


-0.072 

-.052 

-.353 

-.222 
-.230 


N 

N 

A 

N 
A 


u 
u 

D 

U 
N 


(a) 

(f) 
(n) 

\t\ 


XC-82 

XC-82 

X.0-82 

DC-3 
OC-3 


Falrchlld 

Faircblld 

Falrchlld 

Douglas 
Douglas 


Four-engine transports and bombers 


1 
1 


120,000 
120,000 




15 
to 
75 
15 
to 
75 


-1 
to 
5 
-6 
to 
13 


2.89 
2.07 


'^0.75 
to 
2.80 
(30.54 
to 
2.00 


2.80 

to 
0.75 
2.00 

to 
0.54 


-0.050 

to 
0.252 
-.216 

to 
0.466 


N 
N 


U 
U 


(a) 
(P) 


XB-29 
XB-29 


Boeing 
Boeing 



■•Hormal loading. I^Normal loading, flaps 45° down. ''Center of gravity 4 percent M.A.C. forward of normal location. 
^Accuracy of r, p, and q is questionable since the values were determined by using extreme values of a. and ^ 
together with average >a . ^Center of gravity 5 percent M.A.C. forward of normal location. 



^Normal loading, flaps and landing gear down. 65Normal loading, leading edge stabilizers 30° down, 
niass added along wings. ^Intermediate loading. 

luoments of inertia A and 0 decreased 20 percent A and moments of inertia B and C Increased 20 percent 3. 
N means Neutral, A Against, W With, U Up, D Down. 



TABLE II (concluded) 



Air- 


Weight 


Power 


a 


0 


I\ill-scale angular velocities 


Control setting 


Airplane 


Airplane 


Uanufacturer 


plane 


(lb) 


(Hp) 


(deg) 


(deg) 


SI 


r 


p 


(rad/sec) 


Ailerons 


Eleva- 


condi- 
















(rad/sec) 


(rad/sec) 


(rad/sec) 


tor 


tion 






Single-engine triUning biplanes 


1 


1,768 




60.5 




3.46 


3.01 


1.71 




N 


U 




XN2y-l 


Consolidated 


Z 


2,704 




40 


-3 


2.38 


1.47 


1.75 


-0.119 


N 


U 




XN3N-2 


Naval Aircraft 


3 


2,847 


200 at 


62 


21 


2.49 


2.20 


1.17 


.892 


N 


U 




NB-1 


Boeing 






sea level 






















3 


2,544 


200 at 


61 


9 


3.60 


3.15 


1.75 


.564 


W 


N 


(r) 


NB-1 


Boeing 






sea level 




















3 


2,544 


200 at 


61 


19 


3.S5 


2.84 


1.58 


1.055 


W 


U 


(a) 


NB-1 


Boeing 






sea level 




















4 


2,803 


235 at 


20 


10 


3.88 


1.12 


3.08 


.570 


w 


N 


(s) 


ir31I-3 


Naval Aircraft 






■ea level 




















Single-engine fighting "biplaneB 


1 


3,334 




39 




3.87 


S.45 


2.77 




N 


U 


(t) 


F4B-2 


Boeing 


1 


2,915 




37 




3.67 


2.22 


2.93 


1.404 


K 


u 


(a) 


F4B-2 


Boeing 


2 


3,334 




49 


2 


3.39 


2.56 


2.23 


.118 


N 


u 


(a) 


XBFB-1 


Boeing 


3 


3,788 




59 


3 


3.96 


3.39 


2.04 


.208 


N 


D 


U) 


F2F-1 


Grunmaa 


Single-engine scout and observation biplanes 


1 


5,023 


550 at 


43 


-3 


2.82 


1.92 


2.07 


-0.147 


N 


U 


(a) 


X08N-1 


Naval Aircraft 






5000 ft 




















1 


5,299 


550 at 


53 


-1 


3.34 


2.67 


2.02 


.058 


A 


N 


(q) 


X08N-1 


Naval Aircraft 






5000 ft 




















1 


5,2S9 


550 at 


25 


7 


4.08 


1.73 


3.70 


.497 


W 


N 


(q) 


X08N-1 


Naval Aircraft 






5000 ft 




















2 


5,356 




21 


2 


5.21 


1.87 


4.86 


.182 


V 


N 


(q) 


X08S-1 


Stearman 



'Sloments of inertia A and C increased 15 percent A- 

^Normal loading, canopy open, landing gear down. 

"Center of gravity 6 percent U.A.C. forward of normal location. 

°Oentei of gravity 10 percent U.A.C. rearward of normal location. Moments of inertia B and C increased 52 percent B. 
°lIoment8 of inertia B and C increased 25 percent B. 
PUoments of inertia A and C decreased 53 percent A. 
''Normal seaplane loading. 

^Moments of inertia A and C increased 30 percent A, center of gravity 5 percent U.A.C. forward of normal location. 
"Uoments of inertia B and C increased 30 percent B. *Normal carrier loading. 
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TABLE III 

HI&H ANaULAR VELOCITIES MEASURED IN FLIGHT 



Airplane 


ii 

(rad/sec) 


Maneuver 


Source 


of 


data 


Boeing PW-9 


2.7 
2.7 


Roll 
Spin 


Reference 


2 


(1930) 


CurtisB PSC-S 


4.8 
3, 95 


Roll 
Spin 


Reference 


S 


(1930) 


Curtiss F6C-4 


2.72 
3.78 


Roll 
Spin 


Reference 


4 


(1931) 


Consolidated HY-1 


3 .47 


Spin 


Reference 


5 


(1932) 


XN2Y-1 


4.62 


Spin 


Ref er e nee 


6 


(1934) 


Boeing F4B-2 


4.3 


Spin 


Reference 


7 


(1935 ) 


North American BT9— A 


3.28 


Spin 


Reference 


8 


(1940) 



y 

z 

Figure .1.- Explanation of axes used in describing angular iDotlon of aircraft. 
Positive directions of axes and angles (forces and moments) are shown by arrows 



Axis 




Porce 
(parallel- 


Moment about axis 


Angle 


Velocities 


Designation 


Symbol 


to axis) 
symbol 


Designation 


Symbol 


Positive 
direction 


Designa- 
tion 


Symbol 


Linear (compo- 
nent along axis) 


Angu- 
lar 


Longi tudinal— 


X 
Y 
Z 


X 
T 
Z 


Rolling 

Pitching 

Yawing 


L 

M 
N 


Y ' »Z 

Z »-X 


Roll 

Pitch 


■ Cp 
9 


u 

V 

w 


P 
r 


Normal — 


X 5>Y 


Yaw 



Illllllllllll 



3 1 
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